To gain an understanding of how physicians in general practice choose antibiotics for the empirical treatment of community-acquired pneumonia (CAP). DESIGN: Questionnaire with three sample cases of CAP and a knowledge assessment (mailed to half of the physicians). POPULATION STUDIED: Nova Scotia family physicians. RESULTS: One hundred and eighty-four of the 841 (21.9%) physicians who were mailed a questionnaire responded. A knowledge assessment showed satisfactory knowledge except in two areas -an overestimation of the prevalence of penicillin-resistant Streptococcus pneumoniae in Nova Scotia and the view that ciprofloxacin was an effective antibiotic for the treatment of CAP (42% of physicians). As the complexity of the case increased, there was decreasing consensus regarding the choice of antibiotic therapy and a decline in prescribing according to guidelines for the treatment of CAP. Also, as the complexity of the cases increased, it became increasingly difficult to discern a decision-making strategy. For the simplest case -a 17-year-old male with presumed Mycoplasma pneumoniae pneumonia -physician factors (age, family practice training), desire to target specific pathogens, and concern with resistance and side effects affected the choice of antibiotic. However, for the most complex case -a 45-year-old female with severe pneumonia -familiarity with such a case was the only significant factor and led to treatment with a combination of antibiotics designed to treat both typical and atypical pathogens. CONCLUSIONS: For uncomplicated cases of CAP, physician factors, desire to treat specific pathogens and concern with resistance affect the choice of antibiotic therapy. For complex cases, familiarity with such cases was the only factor that influenced choice of antibiotic therapy.
C ommunity-acquired pneumonia (CAP) is one of the most commonly diagnosed infectious diseases in North America, and is a cause of significant morbidity and mortality. Proper treatment depends on targeting antibiotic therapy towards the responsible pathogen. In 50% of cases, however, the specific pathogen cannot be detected (1) . In those cases where treatment must be empirical, antibiotic choice is based on clinical and demographic 'cues' provided by the patient. Interpretation of these cues is influenced by the context in which the physician is practising and by the physician's decisionmaking process. It is important that this decision-making process be better understood, because it has been estimated that as many as 30% of preventable deaths from pneumonia are due to improper choice of antibiotics (2) .
Earlier studies revealed only a vague picture of how physicians choose antibiotics for the treatment of pneumonia. Lilja's survey (3) of 180 Dutch general practitioners concluded that physicians are most concerned with the 'curing' effect of the antibiotics that they choose for treating pneumococcal pneumonia, and express more concern about cost than side effects. Hepler et al (4) concluded that physicians tend to base empirical choice of antibiotics on "instrumentalities", ie, beliefs regarding the relationship between treatment and outcome. Hueston and Schiaffino (5) found that for patients with CAP, internists were more likely than family physicians to prescribe broader spectrum antibiotics, and both groups prescribed broader spectrum agents for older patients. A previous study found that infectious disease specialists show decreasing consensus regarding the choice of antibiotic therapy as the severity of the pneumonia increases, with choice of therapy becoming increasingly dependent on physician characteristics such as age and province of practice (6) .
To understand better the process by which physicians choose antibiotics when treating CAP empirically, a survey of Nova Scotia general practitioners was undertaken. The survey was designed to answer three specific questions. First, what antibiotics are chosen by general practitioners when treating CAP empirically? Second, how do those choices compare with the choices made by Canadian infectious disease specialists and with the recommendations of published guidelines?
Third, what factors influence or correlate with the antibiotic chosen by the general practitioner for treating CAP empirically?
PATIENTS AND METHODS
A total of 841 questionnaires were mailed during April and May 1997 to general practitioners registered with the Medical Society of Nova Scotia. Respondents were asked to provide the following demographic information: age; sex; medical school attended; graduation year; whether they had family practice training; whether they had specialty training, and if so what kind; whether their practice was solo or group, and rural or urban; whether they had hospital admitting privileges; the number of pneumonia cases seen in the previous two months; the average number of prescriptions written per day; and the average percentage of prescriptions written for antibiotics.
Respondents were then presented with three hypothetical cases of CAP in which a definite pathogen was not known. These cases were based on the three types of patients described by the Canadian Consensus Guidelines for the Empirical Treatment of CAP {12}. The first case involved a 17-yearold, previously healthy patient with a nonsevere clinical presentation. The second scenario concerned a 66-year-old male with a long smoking history and a nonsevere clinical presentation. The third scenario was based on a 45-year-old, previously healthy woman with a severe clinical presentation. The actual case presentations are provided in Appendix 1.
For each case, respondents were asked whether they treated such patients frequently, occasionally, rarely or never. These responses were coded numerically with "never" equalling 1 and "frequently" equalling 4, thereby creating a 'familiarity index' for each case. Respondents were then asked to name the antibiotic therapy that they would most likely use to initiate treatment and to explain their choice by assigning values to a series of Likert scales. The Likert scales assessed decision-making variables that previous studies had found to be important in the choice of antibiotic for the empirical treatment of CAP (see Appendix A).
An additional section was attached to one-half of the questionnaires. This section contained questions designed to as-sess the respondent's base knowledge of microbiology and antibiotics. The section was included in only one-half of the surveys to determine whether its presence would affect the response rate. Respondents were asked the following: the most likely pathogen for each of the three cases presented; the antibiotic of choice for treating Chlamydia pneumoniae, Haemophilus influenzae, Legionella pneumophilia, Mycoplasma pneumoniae, Staphylococcus aureus and Streptococcus pneumoniae; the names of three macrolides, and which of the three, if any, would be most effective; whether ciprofloxacin would be an appropriate drug for treating CAP; and what percentage of local S pneumoniae isolates are resistant to penicillin. Respondents were also asked how many cases of Legionnaires disease, and M pneumoniae, C pneumoniae and S pneumoniae infection that they had treated in the past year. Statistical analysis: Statistical analysis of the questionnaires was accomplished using the software application StatView (SAS Institute Inc, United States). Antibiotics were grouped into classes, such as macrolides, penicillins (including ampicillin, amoxicillin and amoxicillin/clavulinic acid), and first, second or third generation cephalosporins.
For discrete variables, a c 2 analysis was employed. For continuous variables, a one-factor ANOVA was used. For analysis of the values assigned to the decision-making variables, a two-factor, repeated-measures ANOVA was used. If significant interaction was found between the antibiotic choice and the decision-making variables, a one-factor ANOVA was undertaken for each of the decision-making variables individually. When a one-factor ANOVA of a decision-making variable was significant, antibiotic classes were compared with one another for that variable using Fisher's test of least significant difference (7). In cases where respondents stated that they were attempting to target specific pathogens, additional analyses were conducted. The most commonly targeted pathogens were compared qualitatively across the different antibiotic classes, and the mean number of pathogens targeted (among respondents who targeted pathogens) was calculated for each antibiotic class. These mean number of pathogens targeted by each antibiotic class was then compared using a one-factor ANOVA (7).
In summary, an attempt was made to correlate a respondent's antibiotic choice in three ways: with physician demographics (eg, medical school attended); with physician decision-making strategy (ie, the weights assigned to the decision-making variables); and with the types and number of pathogens towards which respondents directed treatment.
RESULTS
A total of 184 of the 841 (21.9%) case-based questionnaires were returned. The characteristics of the survey respondents are shown in Table 1 . Seventy-one of the returned questionnaires contained answers to knowledge-testing questions; the responses to these questions are summarized in Table 2 . Two questions were answered poorly. Almost one-half, 42%, felt that ciprofloxacin was an effective antibiotic for the treatment of CAP, and the prevalence of penicillin-resistant S pneumoniae in Nova Scotia was overestimated. Case 1 -17-year-old male with no comorbidity and a nonsevere clinical presentation: Respondents assigned an average familiarity index of 2.8 to this case. The most commonly chosen antibiotic was a macrolide (82%), followed by a penicillin (11%). Seven per cent of respondents chose an antibiotic therapy that did not fall into any particular class.
The demographic factors that correlated significantly with antibiotic choice were the presence or absence of family practice training, the respondent's age and the number of years since graduation (Table 3) . Respondents who chose a macrolide tended to be younger and to have graduated more recently, and were less likely to have family practice training than respondents who chose other antibiotic classes. Correlation approaching significance was found with medical school attended, and solo versus group practitioners; respondents who graduated from Canadian medical schools from other provinces (than Nova Scotia) and respondents who worked in group practices were more likely to choose a macrolide for this case. No significant correlation was found with the remaining demographic factors (physician sex, specialty training, rural versus urban practice, hospital admitting privileges, number of pneumonia cases seen in previous two months, number of prescriptions written per day, percentage of prescriptions written for antibiotics or familiarity with the case).
Significant interaction was found between the weights assigned to the various decision-making variables and the antibiotic chosen; that is, there were apparent differences in decision-making strategy for choosing an antibiotic. A series of one-factor ANOVAs was then conducted for each of the decision-making variables, and the following were found to be significant correlates of antibiotic choice: a desire to target a specific pathogen (P=0.287); concern with antibiotic resistance (P=0.000); and concern with side effects (P=0.000). Respondents who chose a macrolide attached more importance to targeting specific pathogens but were less concerned with side effects than other respondents, while respondents who chose a penicillin were the least concerned with the issue of antibiotic resistance.
One hundred and twenty-five of the 184 respondents (68%) named specific pathogens that they were targeting. These respondents named an average of 1.56 pathogens, with no significant correlation between number of pathogens named and the antibiotic therapy chosen. Qualitatively, it appeared that most doctors suspected either a mycoplasmal or streptococcal infection, although respondents who chose a macrolide appeared to be more confident of a mycoplasmal infection. Case 2 -66-year-old male with comorbidity and non-severe clinical presentation: Respondents assigned an average familiarity index of 3.1 to this case. The most commonly chosen type of antibiotic was a second generation cephalosporin (34%), followed by a penicillin (28%), a macrolide (15%), and trimethoprim/sulphamethoxazole (TMP/SMX) (11%). A further 11% of respondents chose an antibiotic therapy that did not fall into any particular class.
No demographic predictors of antibiotic choice could be identified for this case. There was, however, interaction between antibiotic choice and the decision-making variables (Table 4) . A series of one-factor ANOVAs was then conducted for each of the decision-making variables, and the following were found to be significant correlates of antibiotic choice: concern with the patient's general health (P=0.014); concern with the patient's smoking history (P=0.000); concern with the possibility of resistance (P=0.000); experience with similar cases (P=0.013); and concern with cost-effectiveness (P=0.000). Respondents who chose a penicillin were less concerned with the patient's health and smoking status and with the issue of resistance, and were less likely to base their choice of antibiotic on experience. However, they attached greater importance to cost effectiveness than respondents who chose a second generation cephalosporin. Respondents who chose TMP/SMX also attached more importance to cost effectiveness than respondents who chose either a second generation cephalosporin or a macrolide. No significant differences were found for the other decisionmaking variables (patient age, results of Gram stain, published guidelines, desire to target a specific pathogen, concern with side effects, peer preference or other factors).
Ninety-six of the 184 respondents (52%) named specific pathogens that they were treating. These respondents named an average of 1.60 pathogens, with significant correlation found between number of pathogens targeted and antibiotic therapy chosen. Respondents who chose a macrolide tended to name the most pathogens, while respondents who chose either a penicillin or an antibiotic that fell into no particular class named the fewest (P=0.030). While the number of pathogens targeted varied with the antibiotic chosen, there seemed to be general consensus among respondents that S pneumoniae was the most likely pathogen, followed by H influenzae.
Case 3 -45-year-old woman with no comorbidity and a severe clinical presentation: Respondents assigned an average familiarity index of 1.8 to this case. The most common antibiotic choice was a second generation cephalosporin (20%), followed by a third generation cephalosporin (18%),a second generation cephalosporin with a macrolide (16%), macrolide alone (12%) and a third generation cephalosporin with macrolide (8%). Twenty-eight per cent of respondents chose an antibiotic therapy that did not fall into any particular class.
No demographic predictors of antibiotic choice could be found for this case beyond respondent familiarity with similar patients (Table 5) . Respondents who expressed the greatest degree of familiarity with this type of case tended to choose a second or third generation cephalosporin combined with a macrolide, whereas those who were least familiar chose an antibiotic that did not fall into any particular class of therapy (P=0.030).
Seventy-six of the 184 respondents (41%) named specific pathogens against which they were targeting their antibiotic choice. These respondents named an average of 2.17 pathogens, with no significant correlation between the number of pathogens named and the antibiotic therapy chosen.
DISCUSSION
The aim of the present study was to undertake a descriptive analysis of how physicians choose antibiotics for a specific disease process (CAP). We found that Nova Scotia general practitioners knew the antibiotics of choice for the treatment of C pneumoniae, M pneumoniae and L pneumophila. Surprisingly, less than half knew that cloxacillin was the antibiotic of choice for the treatment of S aureus pneumonia and 42% felt ciprofloxacin was an effective agent for the treatment of CAP. The latter conclusion probably reflects the common use of ciprofloxacin and a deficit in knowledge that it is ineffective against P pneumoniae, the most common cause of CAP. The inadequate knowledge about rates of penicillin-resistant S pneumoniae in Nova Scotia reflects the fact that this information is not readily available to Nova Scotia general practitioners. Previous studies that have attempted to model physician drug choice have resulted in the 'lens' model and the 'drug-expectancy-value' model. In the 'lens' model (8), physicians are assumed to read a series of cues from a clinical situation (for example, the patient's age), assign relative values to those cues, and then weigh the cues against one another in order to arrive at a clinical impression. In the 'drugexpectancyvalue model', developed by Segal and Hepler (9), a physician chooses a drug by considering various "instrumentalities" associated with that drug, for example, the drug's cost, assigning values to those instrumentalities based on their probability and relative importance, in this way choosing the drug that has the highest net value. Both models draw upon a cognitivist decision-making assumption; that is, they assume that impressions and decisions are constructed rationally. Some authors have proposed that the decision-making strategy itself changes in response to the complexity of the task at hand (10) . Others have argued that decision-making is primarily behavioural, based upon conditioned responses derived from previous experiences, such as the medical school attended (11) . In the present study, both behaviourist (ie, physician demographics) and cognitive factors (ie, decision-making variables) were explored for their relevance to the respondent's choice of antibiotic. Furthermore, the decision-making variables that were measured by the Likert scale consisted of both clinical cues (eg, chest x-ray) and issues regarding drug instrumentality (eg, likelihood of encountering antibiotic resistance). As was expected, physician demographics, the clinical cues provided in each of the cases and issues surrounding the properties of the antibiotics themselves, all had some influence on the physician's choice of antibiotic (Table 6) . One advantage of using written cases to study prescribing behaviour is that it allows for a controlled comparison between different groups of physicians. The three cases of CAP used in this study were also used in a previous study of Canadian infectious disease specialists (6); thus, a comparison between 'generalist' and 'specialist' opinion is possible. For case1 (17-year-old male, previously healthy), a macrolide was the most popular choice of both Nova Scotia general practitioners (82%) and Canadian infectious disease specialists (75%). For case 2 (66-year-old male with smoking history), however, the general practitioners were more likely to choose a second generation cephalosporin (34%) than a penicillin (26%), while the opposite was true for the infectious disease specialists (25% and 41%, respectively). For case 3 (45-year-old female, severely ill), there was little agreement between the two groups. Nova Scotia general practitioners chose, in descending order, a second generation cephalosporin (20%), a third generation cephalosporin (18%), a second generation cephalosporin with macrolide (16%), a macrolide alone (12%) or a third generation cephalosporin with a macrolide (8%). Canadian infectious disease specialists were more likely to choose a combination therapy, opting for a third generation cephalosporin with a macrolide (43%), a second generation cephalosporin with a macrolide (18%) or triple therapy of a third generation cephalosporin with a macrolide and another antibiotic (13%). If the guidelines of the Canadian Community Acquired Pneumonia Consensus Group (12) are applied to these three cases, the recommended therapy for case 1 would be a macrolide; for case 2, a second generation cephalosporin; and for case 3, a second or third generation cephalosporin with a macrolide with or without rifampin (12) .
When the three cases of CAP are ranked in order of increasing complexity (case 1® case 2® case 3), a number of trends can be observed. First, as case complexity increased there was decreasing consensus regarding the choice of antibiotic among both general practitioners and infectious disease specialists. Second, there was decreasing agreement between the two groups. Third, general practitioners became less and less likely to prescribe in accordance with published guidelines. Fourth, the number of general practitioners who targeted their therapy against a specific pathogen decreased. Finally, for the general practitioners who did target specific pathogens, the average number of pathogens targeted increased.
There is no one 'correct' choice of antibiotic for any of the three cases. However, it can be assumed that the best choice of antibiotic will be the one recommended by both the practice guidelines and expert opinion. If one accepts this assumption, the results of the present study suggest that while general practitioners manage straightforward cases of CAP appropriately, they are less comfortable treating more seriously ill patients.
When the three cases were ranked in order of decreasing familiarity to the general practitioners surveyed (case 2® case 1® case 3), another trend emerged: it became increasingly difficult to discern a decision-making strategy. For case 2, differences in antibiotic choice correlated with five decision-making variables, and there was little debate about which pathogens were most likely. For case 1, only three decision-making variables were of importance in predicting antibiotic choice, while physician demographics (eg, age, graduation year, family practice training) assumed greater importance. In addition, there was decreasing consensus about which pathogens were most likely the cause. Finally, for case 3, differences in antibiotic choice did not correlate with any decision-making variables, and the only demographic factor that could predict antibiotic choice was overall familiarity with the type of patient described. There was very little agreement regarding which pathogens should be targeted. It is interesting to note that although familiarity with case 3 was a predictor of antibiotic choice for that particular case, the number of pneumonia patients treated in the previous two months did not predict antibiotic choice for any of the three cases. Similarly, when each respondent had their familiarity indexes for each case averaged into a measure of their 'overall familiarity' with pneumonia, this, too failed to predict which antibiotics they would choose for any of the three cases. That is, overall familiarity with pneumonia did not predict physician choice of antibiotics for any of the three cases. It could be concluded that mild, moderate and severe cases of CAP are best thought of as three discrete clinical entities that the general practitioner must become familiar with separately.
Another notable finding was that, for all three cases, respondent choice of antibiotic was not predicted by the weight given to laboratory investigations (ie, chest x-ray and Gram stain), patient age or peer preference. It is difficult to interpret this finding, however, because the weights assigned to these variables were sometimes high; the average weight assigned to the results of the Gram stain, for example, was 4.011 of a possible five. There are several explanations for this. It may be that these variables truly do not influence antibiotic choice; previous studies suggest that microbiological diagnosis only rarely influences the clinical management of pneumonia (13) and often does not prompt physicians to change their initial, empirical choice of antibiotic therapy (14) .
Alternatively, the seeming irrelevance of certain variables to the drug-choosing process might be the result of flaws in study design. The importance of some variables (for example, peer preference) may not have been appreciated consciously by respondents, and by grouping antibiotics into classes such as 'macrolides', important differences between specific antibiotics, such as erythromycin and azithromycin, could have been masked. Such flaws in study design may explain the apparent irrelevance of patient age to the drug choice process, a finding that contradicts earlier studies of antibiotic choice for CAP (5) .
Earlier studies of general practitioners have concluded that the more appropriate or 'rational' prescriber tended to be younger and more recently graduated from medical school, to have received more years of postgraduate training, to be working in a group practice setting and to prescribe fewer drugs per patient visit (15) (16) (17) . The reasoning underlying these conclusions has since been criticized (18) , and a more recent study of New Zealand general practitioners observed that neither practitioner nor practice-related factors could explain more than 3% of the observed variance in antibiotic choice (19) . The present study also found few physician or practice characteristics that could predict antibiotic choice. Younger and more recent graduates did prescribe more in accordance with guidelines for case 1. Surprisingly, physicians with more postgraduate training (ie, family practice training) were less likely to prescribe according to guidelines for case 1. Respondents who reported frequent prescribing or who prescribed a high proportion of antibiotics did not appear to prescribe different types of antibiotics for any of the three cases. There was occasionally a correlation approaching significance (results not shown) between the antibiotic chosen and the respondent's type of practice (solo versus group and urban versus rural) and medical school attended (Dalhousie University versus other Canadian schools versus non-Canadian schools).
The responses given to the knowledge-testing questions demonstrate a good understanding of the microbiology relevant to the choice of antibiotics for CAP. It is notable, however, that while 56% of respondents chose penicillin as being the most effective treatment for S pneumoniae, another 34% of respondents chose extended spectrum penicillins or cephalosporins. It is also noteworthy that 42% of respondents considered ciprofloxacin to be an effective treatment for CAP.
Also, one-half of the respondents also grossly overestimated the frequency of penicillin-resistant streptococcus isolates in Nova Scotia, which recent audits have put at 7.9% of isolates (20) . Only one isolate of S pneumoniae intermediately resistant to penicillin has been found, from an adult with pneumonia in Nova Scotia (TJ Marrie, unpublished observations). In all likelihood, respondents were extrapolating from international data when the penicillin resistance rates were given in their responses.
Overall, the results of this study provide some insight into the prescribing variation observed in the treatment of CAP. The results of the study should also guide education programs.
As noted, there are several potential design flaws in this study, some of which are inherent to any survey that uses written simulations to study physician behaviour (21) . 
